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POLYVINYL ALCOHOL MULTIFILAMENT YARN AND PROCESS FOR PRODUCING THE SAME 

The present invention relates to a polyvinyl alcohol multifilament yarn (abbreviated as PVA yarn 
hereinafter) and a process for producing the same. More particularly, it relates to a PVA yarn which has 
high tensile strength together with good hot water resistance, and to a process for producing the same. 
The most required characteristics of the yam using in the industrial field application such as tire cords, 
s ropes, stitching threads, seat belts and fishing nets, is high tensile strength. In order to get a high tensile 
strength PVA yam which is usable in the industrial field, U.S. patent Nos. 4,603,083 and 4,698,194 have 
been already proposed. As these PVA yams proposed therein have a degree of polymerization of at least 
1500, a tensile strength of at least 12 g/d and an initial modulus of at least 280 g/d, they are sufficient in 
mechanical properties, and usable in the industrial field application. 
w However, these PVA yams are insufficient of a hot water resistance to be melt down when they are 
used at high temperature in presence of water. So they are apparently better in a tensile strength than 
conventional PVA yarns, but not entirely sufficient in the field of tire cord application which is required a 
stable reinforcing effect for a long period. 

In order to improve a hot water resistance of a PVA yam, there has been already proposed some 
75 methods. For example, according to Japanese Patent Publication No. 46-11457, it is tried to improve the 
hot water resistance of a PVA yarn by mixing polyvinyl alcohol with boron compound to make the 
crosslinked structures between hydroxyl groups of polyvinyl alcohol and boron. However, the hot water 
resistance of the PVA yam according to the above method was insufficient in the tire cord application which 
is used in very severe conditions. 
20 It is an object of this invention to provide a PVA yam having a high level of a hot water resistance as 
well as a high tensile strength. 

It is another object of this invention to provide a PVA yarn having a high hot water resistance and 
tensile strength, particularly a good resistance to fatigue when it is used in tire cord. 

It is still another object of this invention to provide a process for industrially producing such a PVA yarn 
25 having superior physical properties such as a high tensile strength and hot water resistance. 

In order to carry out the above mentioned objects, the PVA yarn of this invention is composed of 
polyvinyl alcohol having a degree of polymerization of at least 1500, and has a tensile strength of at least 
10 g/d and an index of a hot water resistance of at least 50. 

More concretely, this PVA yarn has the following characteristics such that a saponification value of 
30 polyvinyl alcohol is at least 99 mol%, a crosslinked structures are provided in hydroxyl groups of polyvinyl 
alcohol and a temperature difference in melting point peaks measured by DSC method is at least 20* C. 
The PVA yam provided with the characteristics as mentioned above is produced by a process as described 
in detail hereinafter. 

There are two different methods to produce the PVA yam of the present invention. The first one is to 

35 produce the PVA yarn by blending polyvinyl alcohol with special chemical compounds. Another one is to 
apply cross-linking agent to an intermediate drawn PVA yam which is drawn at a low draw ratio, regardless 
of blending polyvinyl alcohol with the above mentioned compounds. 

In the former production process, polyvinyl alcohol having a degree of polymerization of at least 1 500 is 
blended with acrylic acid polymeric compounds, a solution of the polyvinyl alcohol solved by organic 

40 solvent, a concentration of it being in the range of 2 to 30 wt%, preferably 5 to 25 wt%, is spun and the 
resultant filament yarn is drawn at a total draw ratio of at least 12 times. 

Generally, as a high degree of polymerization gives a high tensile strength of the yarn, polyvinyl alcohol 
having a degree of polymerization of at least 1500, preferably at least 2500, more preferably at least 3500, 
is used in the present invention. And saponification value of the polyvinyl alcohol is at least 99 mol%. By 

45 using this kind of polyvinyl alcohol having a high degree of polymerization and high saponification value, the 
resulting yam is able to have a tensile strength of at least 10 g/d, more preferably at least 14 g/d. And the 
high saponification value of at least 99 mol% gives the good water resistance together with a high tensile 
strength. Acrylic acid polymeric compound which is blended to polyvinyl alcohol is selected from the group 
of acrylic acid, methacryllc acid (alpha-methyl acrylic acid), ethacrylic acid (alpha-ethyl acrylic acid) and the 

so polymer and oligomer of alkaline metal salts thereof. In so far as the solubility in a solvent is not largely 
spoiled, those polymers and oligomers in the main chains of which small amounts of olefinic monomers 
such as ethylene, propylene, styrene, itaconic acid and so on are copofymerized can be used. Moreover, 
so-called ionomers can be used, too. 

There is no restriction for the degree of polymerization of the acrylic acid polymeric compound, but it is 
preferable in the range of 200 to 100,000, more preferably in the range of 200 to 50,000. When the degree 
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of person is too high, me ^^TJ^^SZ I^cSJS? * the 
A mixture ratio of the acrylic acid P*""*"™^ ™ e» o5T» wt%. If the mixture ratio is 

rr 0 \ to rr^^ — - ~ - 40 

"'t^T™^™*™ of the PVA yarn in this invent, it shows an index of hot water 
resistance (defined later) of at least SO more P*M»Uy* ^ , jnningi a drHet 

Regarding a spinning method ^^^TS^M^ «et spinning or gel spinning is 
wet spinning and a gel spinrrnHJ " j^Jf jJJSiSS ^whose tensile strength is 10 g/d or more, it is 
preferable. In order to get PVA yarns in the present ; ' n ^™ " ^ naving a structure 

reared that a total draw ratto is 12 *n- : or more ^^^°^U«"Q « 
being capable of accepting such a high "J ' and to draw them by a high draw 

Namely, it is possible to obtain undrawr ' ^ JJ^^Jj^- of high degree of polymerization by 
ratio in the successive drawing process by TT 8 "^££2^ it is possible to produce a high 
means of the dry-jet wet *f ^ "^^^^^^^^ ^"igh. 

^^^^ - •- ^ ^ *° ~* *" ^ 

^ry-jet wet spinning process is -xtrude *e = 

air or inert gas such as nitrogen, an Reduce ^Wjjj^,^ ^ ^ liquid le ve. 
coagulating bath. In the present .nvent.cn «^e between thef ac ^ 
of the coagulating bath is 2 to f>«2££2 (ab brevttTas DMSO hereinafter), ethylene g.yco.. 
includes organic solvents such « *^ me *2^ a J^ zinc chl0 ride. sodium thiocyanate. calcium 
glycerin; and aqueous solution of ™ r ^.^* ™± f Pt BteMe ' ^m are DMSO and DMSO 
; chloride, alminium chioride. boric ^^^^^^"Sw such as methanol, ethano.. 
aqueous solution. A coagu.at.ng agentjor ft. omquU mentjoned agent ^ DM SO, ethylene 
buthanol; and acetone, benzene, toluen. and mixture or u>« 

glycol, glycerin; and aqueous scions erf -^S^t^-n-. the polymer solution into a cooling 
The gel spinning process used in the present '" veffl, °" » ^ S ninneret which is set 2 to 200 mm, 
B bath which has no miscittHty with the spinr»ng dope J™^ yarn witn kee ping 

preferably 3 to 20 mm apart from the level of , ^^^^^Te po!ymer solution, are suitable 

« main chain scission of the P^«£*^- n varn is washed by extracting agent such as methanol and 
After the coagulation or f^-^^^^^ ya l are introduced to the drawing process, 
acetone, in order to remove the solvent and su ^ e "^™ JL^, After ^ above, washing step it is 
,n this « multi-step process is prefer^ for the ^ jn . methanol and 

better to draw the spun yam at a draw rabo of: to ^10 * drawing * a lotal draw 

so then introduce the yarn to a drying P^cess And ^«P£££ JE,? plate or fluidized bed at 200 to 
ratio of at least 12 times in heating zone such as hot lute, ho irolle nea BP 

260' C. in the heated air or nitrogen atmosphere or ,n fte * not ^er resistance 

Then we describe another method to produce the ™J™*%ZL aTthe spinning method are 
according to the inv^o, , , th* ca,e. fte ^^X^TZ used in tne second method, 
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ratio and thereafter further drawing is applied under tension at high temperature until a total draw ratio 
becomes at least 12 times. In this process, it is required to draw the spun yam at least 3.0 times, preferably 
at least 3.5 to 7.0 times prior to the application of the cross-linking agent. If the draw ratio is less than 3.0 
times, the cross-linking agent penetrates into the yam, consequently drawability and mechanical properties 

5 such as a tensile strength become lower because of the excess of the Crosslin ked structures. 

Cross-linking agent is selected from the group of peroxide compounds such as hydroperoxide, di- 
aikylperoxide, peroxiketal and peroxiesten isocyanate compound, blocked isocyanate compound, urethane 
compound and epoxy compound. Also mixture of one or more compounds thereof is applicable. The 
procedures to give the cross-linking agent to the yams are; to dip the yam into the inorganic solvent 

w solution or aqueous solution of said agent; to contact the yam to the roller surface which makes coating 
membrane of said solution; or to spray the solution onto the yam. 

According to each method of said processes, it is possible to produce the PVA yam having a tensile 
strength of at least 10 g/d, more preferably at least 14 g/d, and mechanical properties of the yam are 
sufficient for industrial application. And the hydroxyl groups of polyvinyl alcohol composing the PVA yam 

is are blocked, namely, in the former case, to make the cross linked structure with caboxyl groups of the 
acrylic acid polymeric compound, and in the latter case, to make it with added cross-linking agent. 
Moreover, the PVA yam has a characteristic where a peak temperature difference in melting point ATm 
measured by means of the below described DSC method becomes at least 20* C. These characteristics 
where crosslinked structures exist in the hydroxyl groups in the PVA polymer and the peak temperature 

20 difference in melting point ATm measured by means of the DSC method is at least 20 * C are related with 
the hot water resistance of the PVA yam and bring an index of hot water resistance to at least 50. 

The PVA yam having an index of hot water resistance of at least 50 has an excellent hot water 
resistance so that it is not melt down even in exposuring in saturated steam of 120* C and after exposuring 
in 120* C steam for 10 min., a strength retension of it is 50% or more. 

25 This PVA yam can be made a tire cord having a cord tensile strength of at least 8.0 g/d, preferably at 
least 8.5 g/d, and a good GY fatigue life. As this tire cord shows also an excellent index of hot water 
resistance of at least 50, it increases extremely a reinforcing effect of a tire comparing to a conventional 
PVA yam. Also, a high tensile strength decreases fiber consumption and number of ply for tire, it is 
possible to decrease the tire weight and fuel consumption. 

30 The above mentioned tire cord is produced by a twisting process, in which a plurality of PVA yarns are 
* twisted individually to a first twist, and then all of the first twisted PVA yarns are combined and twisted to a 
second twist into a tire cord. In the above twisting process, a twist factor [ = (number of twist/10 cm) X (yam 
denier X number of ply) 1/2 ] is set in the range of 500 to 2500, more preferably in the range of 900 to 21 00. 
Generally, the twist factor of the tire cord has a some relation with the mechanical properties and the fatigue 

35 life. When the twist factor increases, the fatigue life becomes better, but on the other hand, the mechanical 
properties such as a strength and modulus become worse. Although the required properties of the tire cord 
differ depending on a portion used in the tire; generally, if the twist factor is less than 500, the fatigue life 
falls extremely and on the other hand if it is more than 2500, an effect to prevent a tire from deformation 
under loading increases because of the high medium elongation of the cord. 

40 The cord twisted to the above twist factor is applied to a dipping process where it is treated by known 
adhesive agent such as resolcin-formarin-latex (abbreviated as RFL hereinafter) and epoxy resin, and then 
introduced to drying and heat-setting process, in preferable drying and heat-setting processes, a dipping 
treated tire cord is dried in a dry zone under conditions of a temperature of 100 to 160* C, preferably 110 
to 150* C; a setting time of 60 to 240 sec, preferably 90 to 180 sec; and a stretch ratio of 0 to 3%, 

45 preferably 0 to 2%. then heat-treated in a hot zone under conditions of a temperature of 160 to 240* C, 
preferably 1 70 to 220 C; a setting time of 20 to 60 sec, preferably 30 to 50 sec; and a stretch ratio of 0 to 
4%, preferably 1 to 3%, and finally further heat-treated in a normalization zone under conditions of a 
temperature of 160 to 240* C, preferably 170 to 220* C; a setting time of 20 to 60 sec, preferably 30 to 50 
sec; and a stretch ratio of -3 to 1%, preferably -2 to 0%. 

so The resultant tire cord has a cord tensile strength of at least 8.0 g/d, preferably at least 8.5 g/d, and an 
excellent fatigue life. Unfortunately, we could not find the mechanism of the improvement of the fatigue life. 
However, it is supposed that the acrylic acid polymeric compound or cross-linking agent makes the 
crosslinked structures mainly in the amorphous part of the PVA yarn by means of reaction of heating or 
acid, and it forms lateral directional bonding to the molecular chain axis of polyvinyl alcohol. In this reaction, 

55 a property of anti-compression improves and at the same time, fibrillation of the yam is hard to occur by an 
external force. 

The invention is now described in more detail with reference to the following examples. The measuring 
methods of the yam and tire cord properties employed in the examples are measured according to the 
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following description. 
< Properties of the yam> 

5 

(1) Tensile strength and elongation 

These properties are measured according to the method in JIS L-1017. At first, PVA yam has been 
w conditioned for 24 hours at 20* C and 65% RH in the hank form. Then a 25 cm long specimen, which is 
twisted 10 turns/10 cm, is pulled at a rate of 30 cm/min on the "Tensilon" tester Model DTM-4L made by 
Toyo Baldwin Co. Ltd. As for chack of the tester, air jaw for the cord is used. 

is (2) An index of hot water resistance 

One end of the specimen is fixed, and for the other end, the load of 0.15 to 0.20 g/d is added. Then 
applies the hot steam of 120* C for 10 minutes to the center of the specimen. Then the specimen has been 
conditioned without tension for 48 hours at 20* C and 65% RH. Then the tensiie strength of this specimen 
20 (T1) is measured. On the other hand, the tensile strength of raw yarn (TO; without steaming) is also 
measured. An index of hot water resistance is defined as the following equation. 

An index of hot water resistance = ft X 100 

25 (3) Content of acrylic acid polymeric compound in the fiber 

The content is measured by calculating the area ratio of the methylene groups and carbonyl groups by 
means of 13 ONMR in c^-DMSO and FT-IR spectrum. 

30 

(4) A peak temperature difference in merting point ATm 

The peak temperature difference in melting point ATm is measured by a DSC method as follows. 
Apparatus: Model DSC-2C made by Perkin-EImer Co. Ltd. 
35 Conditions: sample weight 1 mg 
rate of heating; 10* C/min. 
cell; standard vessel of alminium 
atmosphere; in the nitrogen stream (30 ml/min) 

Atm is the temperature difference between melting point peaks of the following two kinds of specimens, as 
40 defined in J. Polym. Sci., Pofym. Phys. Ed., 15, 1507 (1977). 

Type fie The specimen is inserted into the cell without tension. 

Type B: The specimen is wound on the alminium plate to avoid heat shrinkage and inserted into the 

cell. 

Atm = (the peak temperature of Type A) - (the peak temperature of Type B) 

45 

(5) Small angle X-ray scattering 

The small angle X-ray scattering is measured under the following conditions according to the known 
so method that employs a Kiessig camera 

Apparatus: X-ray generator, Model RU-200, made by Rigaku Denki KK. 

CuKa line (with Ni filter) 

Output 50 kV- 150 rnA 

0.3 mm colimator transmission method 
55 Camera radius: about 400 mm 

Exposure: 90 minutes 

Rim: Kodak no-screen type 
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<Properties of the cord> 



(1) Tensile strength of the cord 

5 

The cord tensile strength is measured same as for the yam as above mentioned. 



(2) Medium elongation 

10 

The medium elongation is measured by reading the data of the load-elongation curve at following 
constant load. In case that the yam denier is 1500, a constant load is 6.75 kg for 2-ply doubling yarn. And 
in case that the yam denier and a number of ply is different, the following correction is done. 1000 denier x 
2-ply ; medium elongation is read at 4.5 kg. 
75 1000 denier x 3-ply ; medium elongation is read at 6.75 kg. 
1800 denier x 2-ply ; medium elongation is read at 8.1 kg. 



(3) GY fatigue life 

20 

The GY fatigue life is measured according to the method provided in JIS L-1017, 1321 (A method). In 
this case, the angle of the tube was lifted from 10* to 90* at the rate of 10*/30 min. And the life at 90* is 
measured as the GY fatigue life. 

■ 

25 

Examples 1 to 6: 

Six kinds of polymer solution were made according to the following manner. A polyvinyl alcohol having 
a degree of polymerization of 3500 (saponification value of 99.9 mol%) was mixed with a 25 wt% aqueous 
30 solution of acrylic acid oligomer having a degree of polymerization of 400, at mixture ratios of 99.7/0.3 
(Example 1), 98/2 (Example 2), 95/5 (Example 3). 90/10 (Example 4), 80720 (Example 5) and 70/30 
(Example 6) in each wt%, respectively and each of the above six- kinds of mixed polymer was dissolved in 
DMSO to give a 15 wt% polymer solution. 

Each of these polymer solution was extruded by a dry-jet wet spinning in which were employed a 
36 spinneret having 600 holes, each 0.08 mm in diameter and a coagulating bath of methanol containing 5 to 
10 wt% DMSO. The distance between the face of the spinneret and the liquid level was 10 mm. The 
resulting spun yams were washed with methanol to remove DMSO therefrom, then applied to a first step 
drawing of 4.0 times at a room temperature, and dried to remove methanol. 

Then, they were further drawn 5.3 times at 245* C in the air and six kinds of PVA yarns, each having a 
40 nominal denier of 1500, a number of filaments of 600 were obtained, in each yam, a long-period pattern due 
to small-angle X-ray scattering was not observed. 

TABLE 1 shows mechanical properties and an index of hot water resistance of these yarns. In each of 
six yarns, crosslinked structures between hydroxy I groups of PVA polymer and carboxy groups of acrylic 
acid polymers was observed. ATm of each yarn was also shown in TABLE 1 . 
45 Then, six kinds of raw cords having a first twist of 39 tums/10 cm, 2-ply second twist of 39 tums/10 cm 
were made from the above six kinds of the' PVA yarns. These raw cords were treated by adding RFL type 
adhesive agent in "Computreater" made by Litzler Co. Ltd., and then dried and heat-set under a tension to 
obtain treated cords. The drying was done at 150* C for 120 seconds under a constant length. And the 
heat-setting was done at 200* C for 30 seconds under stretching of 3.5% as for heat-setting and at 200* C 
so for 30 seconds under relaxation of 0.5% as for normalization. 

The characteristics of the resulting cords were shown in TABLE 3. 



Examples 7 to 9: 

55 

Three kinds of PVA yams having a degree of polymerization of 3500 (saponification value of 99.9 
mol%), nominal denier of 1500 and number of filaments of 600 were made same as Example 1, except 
mixing with an aqueous solution of a poly methacry lie acid having a degree of polymerization of 300 so to 
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. ^ r\4 qq 7K\ *\ fFvamole 7) 98/2 (Example 8) and 80/20 (Example 9) each in wt%, 
make mixtures having ratios of 99.7/0.3 (Examp e 7), y^^,p , scattering was 

Example 1 . resistance are shown in TABLE 2. And in each of three 

Mechanical propertes and an index of hor water res ran are me thacrylic 

are shown in TABLE 3. 
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Example 10: 



denier of 1500 and number of filaments of ^ J™^ 8 mjxture having a ral io of 98*2 in wt%. In 
cord are shown in TABLE 3. 



25 



30 



36 



40 



Example 11: 

A poiyvinv. afcoho. having a deo.ee of ^fZ^ZoX^X^ 7. 
mixed witTa 25% aqueous solution of acryiic ^f^^^KJ^ acid 2 wt% to give 
ratio of 98/2 in wt%. and the polymer mixture 'f^, wet spinning in which 

employed a apmnerrt hav,ng 600 Mm. each i w * the ^ of ^ 

solution containing caustic soda of 100 g/l and suHunc ac.o or w successively 
spinneret and the Jiquid .level of jh. 0 ^^0^ washing" step. Thereafter, the 

applied to a first ^^g^^^^iM in a bath of methanol and further dried The 

s= y r rrsKi: srjs^ct--* w as obse^. « M ^ * 

treated cord was made by the same V™****~ ^ P fJ istance of yam are shown in TABLE 1. 

Mechanic* P"P^f IVcarboxy. groups of acryiic acid 

^1iTZ™ZrZ^^ in TABLE 1. Proves of »e Seated cord are 

shown in TABLE 3. 



45 Example 12: 



50 



55 



methanol. . trafltmpnt solution which contains cross-linking 



was obtained. 



4 



EP 0 351 046 A2 



Mechanical properties and an index of hot water resistance are shown in TABLE 4. In this yarn, 
crosslinked structures was observed in the hydroxy! groups of the PVA polymer. And ATm of the yarn is 
shown in TABLE 1. 



10 



Comparative example 1: 

A PVA yam having a nominal denier of 1500 and a number of filaments of 600 was made by the same 
procedure as Example 9, except adding of acrylic acid polymeric compound. 

Mechanical properties, an index of hot water resistance and ATm are shown in TABLE 1 . 



Comparative example 2: 

75 A PVA yam having a nominal denier of 1500 and a number of filaments of 600 was made by the same 
procedure as Example 12, except that the treatment by the cross-linking agent has not been done. 

This yam has not crosslinked structures in the hydroxy! groups of the PVA polymer. Mechanical 
properties, an index of hot water resistance and ATm are shown in TABLE 4. 



20 



25 



Comparative example 3: 

Characteristics of "Vinylon" yam (Type 1 800-1 000-T5501, made by Kuraray Co. Ltd.) was measured for 
the reference. Crossiinked structures was observed in the hydroxyl groups of the PVA polymer. Mechanical 
properties, an index of hot water resistance and ATm are shown in TABLE 1. Especially, an index of hot 
water resistance was 0 (zero). That is, exposing in the steam at 120* C, n Vinylon" has melted down only in 
8 minutes. 
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TABLE 1 



Level 




ATm 


Denier 


Tensile 


Elongation 


An index of hot 






TC) 


(D) 


strength (g/d) 


(%) 


water resistance (-) 


Example 


1 


23.2 


1505 


17.0 


5.0 


86 




2 


27.3 


1519 


17.1 


5.1 


88 




3 


28.1 


1560 


16.6 


5.1 


88 




4 


26.8 


1620 


16.2 


5.1 


75 




5 


27.2 


1498 


14.2 


5.1 


78 




6 


27.7 


1523 


12.5 


5.5 


70 




10 


22.1 


1476 


16.0 


5.2 


85 




11 


21 .5 


1502 


16.2 


5.1 


65 


Comparative 


1 


18.7 


1497 


17.0 


5.1 


20 


Example 


3 


13.5 


1769 


10.8 


6.7 


0 (melt down) 



TABLE 2 
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Levei 


ATm 
<'C) 


Denier 
(D) 


Tensile 
strength (g/d) 


Elongation 
(%) 


An index of hot 
water resistance (-) 


Example 


7 


24.4 


1514 


17.2 


5.2 


78 


8 


26.7 


1497 


17.1 


5.1 


86 


— — 
9 


27.1 


1512 


14.5 


5.1 


82 
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TABLE 3 



Level 



Example 



15 



Comparative Example 1 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



Twist 
factor 

2140 
2140 
2140 
2140 
2140 
2140 
2140 
2140 
2140 
2140 
2140 



Tensile 
strength (g/d) 

94 

9.3 
9.1 
92 
8.4 
8.1 
9.6 
9.2 
8.5 
8.9 
8.9 



Medium 
elongation (%) 

2.0 
1.9 
1.9 
1.9 
2.2 
2.3 
1.9 
1.9 
2.1 
2.0 
1.9 




GY Fatigue 
life (min) 

1540 
1680 
2200 
2040 
1280 
1120 
1400 
1700 
1260 
1800 
1250 



20 



25 



TABLE 4 




Comparative Example 2 
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Claims 

monomer in the main chain of said polymer and oligomer. a ^.^ 

„ » . «d «d . - "J ^ I" «» o. 500 to 2500. 
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spinning a solution of polyvinyl alcohol having a degree of polymerization of at least 1500 blended with an 
acrylic acid polymeric compound by a spinning process selected from a wet spinning, a dry-jet wet 
spinning and a gel spinning, and drawing the resultant spun filament yarn at a total draw ratio of at least 12 
times by a multi-step drawing process. 

12. A process for producing a polyvinyl alcohol multifilament yarn as claimed in claim 11, wherein a 
draw ratio of the first step is in the range of 2 to 11 times. 

13. A process for producing a polyvinyl alcohol multifilament yarn as claimed in claim 11, wherein a 
degree of polymerization of acrylic acid polymeric compound is in the range of 200 to 100,000. 

14. A process for producing a polyvinyl alcohol multifilament yam as claimed in claim 11, wherein a 
mixture ratio of acrylic acid polymeric compound to polyvinyl alcohol is in the range of 0.1 to 40 wt%. 

15. A process for producing a polyvinyl alcohol multifilament yam as claimed in claim 11, wherein 
acrylic acid polymeric compound is selected from the group of polymer and oligomer of acrylic acid, 
methacrylic acid, ethacrylic acid and alkaline metal salts thereof; and co-polymer and co-oligomer which is 
co-polymerized olefinic monomer in the main chain of said polymer and oligomer. 

16. A process for producing a polyvinyl alcohol multifilament yarn, which comprises the steps of 
spinning a solution of polyvinyl alcohol having a degree of polymerization of at least 1500 by a spinning 
process selected from a wet spinning, a dry-jet wet spinning and a gel spinning, drawing the resultant spun 
filament yam at a total draw ratio of at least 12 times by multi-step drawing process and treating the 
intermediate drawn filament yam with cross-linking agent during said multi-step drawing process. 

17. A process for producing a polyvinyl alcohol multifilament yarn as claimed in claim 16, wherein the 
spun filament yam is drawn at least 3.0 times prior to being treated with the cross-linking agent 

18. A process for producing a polyvinyl alcohol multifilament yarn as claimed in claim 16, wherein 
cross-Jinking agent is selected from the group of hydroperoxide, di-alkylperoxide, peroxiketal, peroxiester, 
isocyanate compound, block isocyanate compound and epoxy compound. 
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